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ULTRA-FINE AREA ARRAY PITCH PROBE
CARD

TECHNICAL FIELD

The present mvention relates generally to a system for
testing semiconductor devices and, more particularly, to a
system and method for forming a probe card with an ultra-fine
pitch.

BACKGROUND

In the manufacturing of integrated circuits and other semi-
conductor devices, the circuits and devices must be tested 1n
order to ensure that a functional device has been manufac-
tured. These tests are usually performed by contacting a test
probe card to the relevant areas of the semiconductor device,
sending current to the semiconductor device and performing
one or more functional tests. Two main types of probe cards
are currently used to make these connections.

The first main type of probe card uses a series of cantilever
connectors that radiate inward from the edges of the probe
card. When the probe card 1s lowered onto the semiconductor
device to be tested, the cantilevered connectors connect to
corresponding contact pads on the semiconductor device to
complete the electrical connections for the test. Unfortu-
nately, this type of probe card 1s limited due to the fact that the
contact pads are limited to the peripheral of the semiconduc-
tor device to be tested, and cannot reach contact pads located
in the central areas of the devices.

The second type of probe card uses an array of electrical
connections in order to connect to a semiconductor device 1n
other areas than the periphery. In this type of probe card, the
clectrical connections are spaced closely together 1n an array
and are shaped so that the electrical connections absorb some
of the shock of the impact when the probe card 1s lowered onto
the semiconductor device to be tested. However, the mini-
mum pitch (the distance between the electrical connections)
for this type of card has historically been limited by the
structure and shape of the electrical connections between the
printed circuit board and the tips of the probe pins. Histori-
cally, the finest pitch attainable with this type of probe card 1s
about 175 um.

Unfortunately, as the dimensions of semiconductor devices
are reduced 1n the ever-present drive for smaller and smaller
devices, the pitches of these types of probe cards will be
unable to adequately test semiconductor devices requiring a
smaller probe pitch. Accordingly, a probe card with a smaller
probe pitch 1s needed.

SUMMARY OF THE INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
embodiments of the present invention that include a semicon-
ductor device test structure. An advantage of embodiments of
the present 1invention 1s that a smaller contact pitch can be
obtained. This allows for the testing of smaller structures.

In accordance with an embodiment of the present inven-
tion, a device for testing semiconductor devices comprises a
printed circuit board electrically connected to a space trans-
formation layer through first connectors that have a first pitch.
Through vias are located in a substrate, and the vias are
clectrically connected to the space transformation layer
through second connectors. On the opposite side of the sub-
strate from the space transformation layer, redistribution lines
clectrically connect the vias to third connectors that have a
smaller pitch than the vias.
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In accordance with another embodiment of the present
invention, a device for testing semiconductor devices com-
prises an array of probe pins that has a first pitch. First con-
nectors located on a substrate are 1n electrical contact with the
probe pins, and redistribution lines are used to fan the pitch
out to vias located through the substrate. The vias are electri-
cally connected to a space transformation layer that fans the
pitch out even further. The space transformation layer 1s also
connected to a printed circuit board.

In accordance with yet another embodiment of the present
invention, a device for testing semiconductor devices com-
prises a substrate with vias located along an outer portion of
the substrate. Redistribution lines connect the vias to respec-
tive ones of first connectors located on an 1inner portion of the
substrate. The first connectors also have a smaller pitch than
the vias. Probe pins are i electrical connection with the first
connectors. On an opposite side of the substrate from the first
connectors, the vias are connected to a space transformation
layer. The space transformation layer 1s connected to a printed
circuit board through third connectors that have a larger pitch
than the vias.

An advantage of a preferred embodiment of the present
invention 1s that the pitch of the probe pins can be reduced 1n
devices that incorporate the present invention. This invention
allows these devices to test smaller devices than similar
devices that do not incorporate this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereol, reference 1s now made to the
tollowing descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FIG. 1 1llustrates a cross-sectional view of a structure with
vias formed within a substrate 1n accordance with an embodi-
ment of the present invention;

FIG. 2 illustrates a cross-sectional view of the structure of
FIG. 1 after the forming of a redistribution line 1n accordance
with an embodiment of the present invention;

FIG. 3A and FIG. 3B illustrate a cross-sectional view and
a top-down view, respectively, of the structure of FIG. 2 after
the formation of C4 bump connectors 1n accordance with an
embodiment of the present invention;

FIG. 4 1llustrates a cross-sectional view of the structure of
FIG. 3 after 1t has been connected to a space transformation
layer with solder bumps 1n accordance with an embodiment
ol the present invention;

FIG. 5 illustrates a cross-sectional view of the structure of
FIG. 4 after 1t has been connected to a printed circuit board
with solder balls 1n accordance with an embodiment of the
present invention; and

FIG. 6 illustrates a cross-sectional view of the structure of
FIG. § after the C4 bumps have been connected to a probe
head 1n accordance with an embodiment of the present inven-
tion.

Corresponding numerals and symbols 1n the different fig-
ures generally refer to corresponding parts unless otherwise
indicated. The figures are drawn to clearly 1llustrate the rel-
evant aspects of the embodiments and are not necessarily
drawn to scale.

(Ll

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

The making and using of the presently preferred embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many applicable
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inventive concepts that can be embodied 1n a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the invention.

The present invention will be described with respect to
embodiments 1n a specific context, namely a probe card. The
invention may also be applied, however, to other non-perma-
nent electrical connections.

With reference now to FIG. 1, there 1s shown a silicon
substrate 101 with vias 103 formed therein. The substrate 101
comprises a semiconductor material such as silicon, germa-
nium, silicon germanium, or combinations thereof. The sub-
strate 101 1s mnitially between about 150 um to about 762 um,
with a preferred thickness of about 500 um.

The vias 103 preferably extend through the substrate 101,
and are preferably located along an outer portion 105 of the
substrate 101, leaving an nner portion 107 of the substrate
101 void of vias 103. The vias 103 preferably have a pitch of
between about 100 um and about 1,000 um, with a preferred
pitch of about 200 um.

The vias 103 may be formed by any appropriate method.
For example, 1n an embodiment openings are formed partially
through the substrate 101. The openings may be formed, for
example, by one or more etching processes, milling, laser
techniques, or the like. The openings are lined with diffusion
barrier layers, adhesion layers, 1solation layer, or the like, and
filled with a conductive material. Preferably, diffusion barrier
layers (not shown), comprise one or more layers of TaN, Ta,
TiN, T1, CoW, or the like, and the conductive material com-
prises copper, tungsten, aluminum, silver, and combinations
thereol, or the like, thereby forming the vias 103. In an
embodiment, the vias 103 have a diffusion barrier layer of
TalN and are filled with copper formed by an electro-chemical
plating process in which a seed layer 1s deposited to aid 1n the
formation of the conductive fill material.

In another embodiment, the vias 103 are formed and filled
with a dielectric material. After grinding the backside of the
die, the dielectric material 1s removed via an etching process
and replaced with a conductive material, such as copper.
Other methods and materials may be used.

FI1G. 2 1llustrates the formation of redistribution lines 201
on one side of the substrate 101 and in electrical connection
with the vias 103. The redistribution lines 201 preferably
extend from their respective vias 103 located 1n the outer
portion 105 of the substrate 101 and extend into the inner
portion 107 of the substrate 101. The redistribution lines 201
are preferably used to reduce the pitch of the vias 103 as the
redistribution lines 201 extend from the outer portion 105 of
the substrate 101 to the mnner portion 107 of the substrate 101.

The redistribution lines 201 may be formed using common
methods for forming interconnect lines 1n integrated circuits.
Preferably, the redistribution lines 201 comprise at least one
conductive layer formed of ametal such as aluminum, copper,
tungsten, titanium, and combinations thereof. The redistribu-
tion lines 201 are preferably formed by plating the metal on a
seed layer and then etching the undesired portions, leaving
the redistribution lines 201. The redistribution lines 201
should be between about 2 um and about 30 um, with a
preferred width of about 5 um. However, other materials and
process, such as a well-known damascene process, could
alternatively be used to form the redistribution lines 201.

As one of skill 1n the art will recognize, the redistribution
lines 201 could be a single layer of conductive material or else
could alternatively be multiple layers of conductive material,
depending upon the properties desired. For example, the
redistribution lines 201 as formed above may be plated with
another conductive material such as gold or chromium to
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provide good adhesion for a subsequently formed connector
(described below with respect to FIG. 3A). This plating could
be done through a process such as CVD.

FIG. 3A 1llustrates the formation of first connectors 301 1n
contact with respective ones of the redistribution lines 201. In
a preferred embodiment, the first connectors 301 are con-
trolled, collapse chip connection (C4) bumps. The first con-
nectors 301 are formed to have a pitch between about 30 um
and about 150 um, with a preferred pitch of less than about
130 um, and an even more preferred pitch of about 50 um. The
first connectors 301 are preferably formed of a hard conduc-
tive material such as a nickel-cobalt alloy, although other
conductive materials, such as tin, copper, or silver could
alternatively be used.

The first connectors 301 may be formed by 1nitially form-
ing a layer of conductive material (or multiple layers of con-
ductive material ) through such commonly used methods such
as evaporation, electroplating, printing, solder transfer, ball
placement, etc, to a thickness of between about 5 um and
about 50 um, with a preferred thickness of about 25 um. Once
the layer of the conductive material has been formed, a reflow
1s preferably performed 1n order to shape the maternial into the
desired bump shape.

Optionally, the conductive material of the first connectors
301 may be plated with another conductive material 1n order
to form desired adhesive or barrier characteristics. In an
embodiment 1n which a nickel-cobalt alloy 1s used to form the
first connectors 301, the nickel-cobalt alloy may be plated
with gold, although other materials, such as silver, rhodium,
or tungsten, could alternatively be used.

FIG. 3B illustrates a top-down view of a side of the sub-
strate 101 and the first connectors 301. This figure 1llustrates
two redistribution lines 201 between the vias 103 and the first
connectors 301. As described above with reference to FIGS.
1-3A, the vias 103 are located along the outer potion 105 of
the substrate 101 and the first connectors 301 are located
within the inner portion 107 of the substrate 101. Further, the
vias 103 have a much larger pitch than the first connectors
301. Finally, the redistribution line 201 connects the vias 103
with respective ones of the first connectors 301.

FIG. 4 1llustrates the connection of the vias 103 to a space
transformation layer 401 through solder bumps 403, although
other types of connectors could alternatively be used. Solder
bumps 403 are formed on the space transformation layer 401
and are placed so as to align with vias 103 located 1n the
substrate 101. The solder bumps 403 preferably comprises
either a igh-lead, eutectic, or lead-1ree solder. When the vias
103 are placed upon this solder bump 403, electrical contact
1s established between the first connectors 301 and conduc-
tors (not shown) located within the space transformation layer
401.

The space transformation layer 401 1s preferably formed of
a multiple layer ceramic, although a multiple layer organic
could alternatively be used. The space transformation layer
401 preferably comprises alternating layers of conductive and
insulative materials (not shown). The routing of the conduc-
tive material through the space transformation layer 401 1s
designed to accept the pitch of the solder bumps 403 and their
corresponding vias 103 and expand the pitch to another set of
contact pads on an opposite side of the space transformation
layer 401.

Optionally, a number of dummy bumps 4035 that are not
clectrically connected to corresponding vias 103 may also be
formed between the space transformation layer 401 and the
substrate 101. In an embodiment in which the vias 103 are
formed along the outer portion 105 of the substrate 101, the
solder bumps 403 that are electrically connected to the vias
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103 would be positioned only along the outer portion of the
substrate, causing unequal stresses to build between the inner
portion 107 of the substrate 101 and the outer portion 105 of
the substrate 101 when a device 1s being tested. To balance
these stresses during probing, dummy bumps 403, preferably
solder bumps that are not electrically connected to the vias
103, are formed 1n the inner portion 107 of the substrate 101,
where there are no vias 103. These dummy bumps 403 may be
formed 1n a similar fashion as the solder bumps described
above with reference to FIG. 4.

FI1G. 5 illustrates the connection of the space transforma-
tion layer 401 to a printed circuit board (PCB) 501 through
solder balls 503. The solder balls 503 are preferably formed of
high-lead, eutectic, or lead-iree solder, and are formed so as to
create an electrical connection between the space transforma-
tion layer 401 and the PCB 501. The solder balls 503 have a
pitch between about 300 um and about 1,400 um, with a
preferred pitch of about 1,000 um, which is a larger pitch than
the vias 103 and their associated solder bumps 403.

FIG. 6 1llustrates the connection of the C4 bumps 301 to
probe pins 615 located within a probe head 601. In an
embodiment, the probe pins 615 are each a continuous piece
ol metal that has a pin head 621 for electrical connection to
the C4 bumps 301 and a pin tip 619 for electrical connection
to the device to be tested. Preferably, the probe pins 615
extend through the probe head 601, with the pin heads 621
extending away from the probe head 601 towards the C4
bumps 301 and the pin tips 619 extending away from the
probe head 601 towards the device to be tested.

In an embodiment, the probe head 601 1s a Cobra-type
probe head. In this embodiment the probe head 601 has a first
die 603, a second die 605, a spacer 607 separating the first die
603 and second die 605, and an aperture 609 located across
the spacer 607 and extending into the first die 603 and the
second die 605. The first die 603 and second die 605 are
typically made from an msulating material such as vespel or
ceramic.

The first die 603 preferably has a first array of holes 611
that extend through the first die 603 and connect to the aper-
ture 609. The first array of holes 611 preferably have substan-
tially the same pitch as the C4 bumps 301 located on the
substrate 101. Upon alignment of the probe head 601, the first
array of holes 611 will preferably be substantially aligned
with the C4 bumps 301 so that probe pins 615 located within
the first array of holes 611 (described more fully below) waill
come 1nto contact with the C4 bumps 301 during testing of a
device.

On the opposite side of the aperture 609, the second die 605
has a second array of holes 613, with a substantially similar
pitch as the first array of holes 611. However, the second array
of holes 613 is preferably offset from the first array of holes
611 by between about 500 um and about 1,400 um, with a
preferred offset of about 1,170 um. The intentional offset of
the first array of holes 611 and the second array of holes 615
promote a buckling of the probe pins 615 to relieve pressure
during testing.

The probe pins 6135 are located so that they extend through
the first array of holes 611, the aperture 609, and the second
array ol holes 613. A mounting film 617 located within the
aperture 609 and formed from a suitable polymeric dielectric,
such as mylar, 1s typically used to hold the probe pins 615 1n
place. The probe pins 6135 extend away from the second array
of holes 613 to terminate 1n probe pin tips 619, which are used
to make electrical contact with a device to be tested. The
probe pins 615 also extend away from the first array of holes
611 so as to come 1nto contact with the C4 bumps 301 during
testing of a device to provide the electrical contact between
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the device to be tested and the printed circuit board 501. The
probe pins 615 are designed to slide within the first array of
holes 611 during testing in order to absorb some of the pres-
sure during testing of a device.

Theprobe head 601 1s aligned to the C4 bumps 301 through
a mounting ring 614. The mounting ring 614 1s located on the
PCB 501, and the probe head 601 fits within the mounting
ring 614 such that the C4 bumps 301 are aligned with the
probe pins 615 so that, during testing, the probe pins 615 and
the C4 bumps 301 come into electrical contact with each
other. The mounting ring 614 prevents the probe head 601
from moving side to side and coming out of alignment.

As described in the preceding paragraphs, the present
invention reduces the pitch of the C4 bumps 301 that form the
connection between the PCB 501 and the probe pins 615. By
relieving this bottleneck, the overall pitch of the probe pins
615 can be reduced, thereby allowing probe cards utilizing
this invention to be used to test smaller and smaller devices.

Although the present invention and 1ts advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by the appended claims. For example, there are mul-
tiple methods for the deposition of material as the structure 1s
being formed. Any of these deposition methods that achieve
substantially the same result as the corresponding embodi-
ments described herein may be utilized according to the
present invention.

Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition ol matter,
means, methods and steps described 1n the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

What 1s claimed 1s:
1. A semiconductor device test structure comprising:

a printed circuit board;

a space transformation layer comprising conductive lines,
the conductive lines electrically connected to the printed
circuit board by first connectors with a first pitch;

a substrate having vias extending through the substrate
from a first side of the substrate to a second side of the
substrate, the vias having a uniform width and being
clectrically connected to the conductive lines through
second connectors, the second connectors having a sec-
ond pitch smaller than the first pitch, the substrate

located opposite the printed circuit board;

redistribution lines physically connected to respective ones
of the vias, the redistribution lines located on the sub-

strate opposite the space transformation layer; and

third connectors electrically connected to respective ones
of the redistribution lines, the third connectors having a
third pitch that 1s smaller than the second pitch.

2. The device of claim 1, further comprising a probe head
with probe pins located therein, the probe pins 1n contact with
the third connectors.
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3. The device of claim 2, wherein the probe head com-
Prises:

a first die with a first array of holes located therein, the first
array of holes having a fourth pitch and aligned with the
third connectors;

a second die with a second array of holes having a fifth
pitch that 1s substantially similar to the fourth pitch, the
second array of holes offset from the first array of holes;
and

a spacer located between the first die and the second die;

wherein the probe pins extend from the first array of holes
to the second array of holes.
4. The device of claim 1, wherein the vias are located along,

an outer portion of the substrate and the third connectors are
located along an inner portion of the substrate.

5. The device of claim 1, further comprising dummy con-
nectors located between the substrate and the space transior-
mation layer in an area of the substrate that does not contain
vias.

6. The device of claim 1, wherein the redistribution lines
comprise two or more conductive layers.

7. The device of claim 1, wherein the third pitch is less than
about 130 um.

8. The device of claim 1, wherein the third connectors
comprise bumps.

9. The device of claim 8, wherein the bumps comprise a
nickel-cobalt alloy.

10. A semiconductor device test structure comprising:

an array ol probe pins having a {irst pitch;

a substrate with first connectors formed thereon, the first
connectors 1n electrical contact with respective ones of
the probe pins;

redistribution lines located on the substrate facing the
probe pins, the redistribution lines 1n electrical connec-
tion with the first connectors;

vias located through the substrate, the vias in electrical
connection with respective ones of the redistribution
lines and having a second pitch that 1s larger than the first
pitch;

a space transformation layer located on the opposite side of
the substrate from the probe pins, the spacer transforma-
tion layer comprising conductive material electrically
connected to the vias through one or more of a first
plurality of bumps located between the space transtor-
mation layer and the substrate, wherein at least one of a
second plurality of bumps located between the space
transformation layer and the substrate 1s not electrically
connected to the vias; and

a printed circuit board located on the opposite side of the
space transformation layer than the substrate, the printed
circuit board being electrically connected to the conduc-
tive material through third connectors, the third connec-
tors having a third pitch larger than the second pitch.

11. The device of claim 10, wherein the vias are located
along an outer area of the substrate and the first connectors are
located along an inner area of the substrate.

12. The device of claim 10, further comprising dummy
connectors located between the substrate and the space trans-
formation layer in an area of the substrate that does not
contain vias.

13. The device of claim 10, further comprising a probe
head, the probe head comprising:

a first die with a first array of holes located therein, the first

array of holes having a fourth pitch and aligned with the
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first connectors, the array ol probe pins extending
through the first array of holes;

a second die with a second array of holes having a fifth
pitch that 1s substantially similar to the fourth pitch, the
second array of holes offset from the first array of holes;
and

a spacer located between the first die and the second die;

wherein the probe pins extend from the first array of holes
to the second array of holes.
14. The device of claim 10, wherein the redistribution lines
comprise two or more conductive layers.

15. The device of claim 10, wherein the first pitch 1s less
than about 130 um.

16. A semiconductor device test structure comprising;:

a substrate with vias located therein, the substrate having a
first side and a second si1de opposite the first side, the vias
having a first pitch;

redistribution lines extending along the surface of the first
side of the substrate and 1n electrical connection with
respective ones of the vias; and

probe pin connector bumps located on the first side of the
substrate and in electrical connection with respective
ones of the redistribution lines, the probe pin connector
bumps having a second pitch that 1s smaller than the first
pitch;

a space transformation layer comprising conductive mate-
rial and insulative material, the conductive material elec-
trically connected to the vias through {first connectors,
the first connectors located on the second side of the
substrate; and

second connectors located between the space transforma-
tion layer and the substrate, the second connectors elec-
trically 1solated from the first side of the substrate.

17. The device of claim 16, further comprising

a printed circuit board connected to the conductive material
in the space transformation layer through third connec-
tors, the third connectors having a third pitch that 1s
larger than the first pitch.

18. The device of claim 16, wherein the second pitch 1s less
than about 130 um.

19. The device of claim 16, further comprising a probe
head, the probe head comprising:

probe pins 1n electrical connection with respective ones of
the probe pin connector bumps;

a first die with a first array of holes located therein, the first
array of holes having a fourth pitch and aligned with the

probe pin connector bumps, the probe pins extending
through the first array of holes;

a second die with a second array of holes having a fifth
pitch that 1s substantially similar to the fourth pitch, the
second array of holes being offset from the first array of
holes; and

a spacer located between the first die and the second die;

wherein the probe pins extend from the first array of holes
to the second array of holes.

20. A semiconductor device test structure comprising:

a substrate with vias located therein, the substrate having a
first side and a second si1de opposite the first side, the vias
having a first pitch;

redistribution lines extending along the surface of the first
side of the substrate and in electrical connection with
respective ones of the vias;
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probe pin connectors located on the first side of the sub- between the substrate and the space transformation layer

strate, the probe pin connectors having a second pitch on an inner portion of the substrate where there are no
that 1s smaller than the first pitch; vias; and

a printed circuit board connected to the conductive material

a space transformation layer comprising conductive mate-
rial and insulative material, the conductive material elec-
trically connected to the vias through first connectors,
the first connectors located on the second side of the
substrate, wherein dummy connectors are located £ % % k¥

d in the space transformation layer through second con-
nectors, the second connectors having a third pitch that
1s larger than the first pitch.
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